INTRODUCTION
============

Dental implants are frequently used to restore partially or totally edentulous dental arch. Achievement and maintenance of initial stability is an important factor for implant success.[@B1]-[@B3] Many efforts have been made to achieve good implant stability such as development of implants with different designs,[@B4],[@B5] alteration of surface characteristics,[@B6] and modification of surgical technique. Recently, such attempts have shifted toward changes in overall implant design to improve initial stability,[@B4] which is also influenced by bone quality. A report by Ostman et al.[@B7] examined the correlation between bone quality and primary stability, concluding that initial stability was lower in soft bone types than in hard bone types, as well as in the posterior compared to the anterior jaw.[@B8]

Several methods have been developed to evaluate implant stability, including resonance frequency analysis (RFA), developed by Meredith et al.[@B9] This method originally comprised an L-shaped transducer tightened to the abutment or implant. Two piezoceramic components attach to the vertical beam of the transducer: one is vibrated with a sinusoidal wave of 5 to 15 kHz and the first flexural resonance frequency is identified as the peak. Osstell™ (Integration Diagnostics AB, Göteborg, Sweden) presents the resonance frequency value as an Implant Stability Quotient (ISQ) value on a scale from 3,500 Hz (1 ISQ unit) to 8,500 Hz (100 ISQ units).[@B10]

Implants may be placed above the bone level in clinical situations such as reduced bone height, the mandibular alveolar nerve, or a vertical bone defect. There may be less initial stability in such situations than when the implant is placed in the same level with the bone. Meredith et al.[@B11] reported that the total exposed implant length above the bone level influenced the resonance frequency value, referring to it as the effective implant length.

Although there are many studies on the initial stability of implants placed in level with the bone,[@B4],[@B7],[@B8] but there are few on the initial stability of implants placed above the bone level. Therefore, this study evaluated the initial stability of implants with different designs placed above bone level in different types of bone. Initial stability of implant was evaluated using resonance frequency analysis.

MATERIALS AND METHODS
=====================

Fresh bovine rib bones were trimmed to dimensions of 350 × 150 × 150 mm (length, width, height). As described by Lekholm and Zarb in 1985,[@B12] the cortical layers of the bone specimens were trimmed to a thickness of 2 mm, 1 mm, or totally removed to reproduce bone types II, III, or IV, respectively.

The trimmed bone specimens were embedded in cold curing acrylic resin (Trayplast®, Vertex-Dental BV, Netherlands, 600 × 300 × 10 mm) to approximately 1/4 of their height ([Fig. 1](#F1){ref-type="fig"}). The acrylic resin was mixed with a liquid-to-powder ratio of 1:5 (by volume) according to the manufacturer\'s instruction. After the mixture reached the initial setting stage, the specimens were immersed in cold 0.9% saline to eliminate the heat generated during the setting stage. The specimens were stored in the freezer and immersed in saline approximately 30 minutes before placement.

Three types of implants were tested: Brånemark System® Mk III TiUnite™ (Nobel Biocare™, Göteborg, Sweden), Straumann Standard Implant SLA® (Institut Straumann AG, Waldenburg, Switzerland), and Astra Tech Microthread™-OsseoSpeed™ (Astra Tech Dental, Mölndahl, Sweden). Brånemark System® Mk III TiUnite™ was 4.0 mm in diameter and 8.5 mm in length, Straumann Standard Implant SLA® was 4.1 mm in diameter and 8.0 mm in length with a 2.8-mm smooth neck section, and Astra Tech Microthread™-OsseoSpeed™ was 4.0 mm in diameter and 9.0 mm in length. We followed the manufacturer\'s instructions for site preparation and implant placement. First, ø2-mm start drill was used for all implants. For the Brånemark implant in bone types II and III, ø3.15-mm twist drill and counterbore were used in the final stage, while a screw tap was used in type II bone only. For the Straumann implant in bone types II and III, ø3.5-mm twist drill and ø4.1-mm tap drill were used in the final stage. For the Astra implant, ø3.7-mm tiger drill and ø4.0-mm cortical drill were used in the final stage in type II bone, while ø3.85-mm tiger drill was used in the final stage in type III bone. Final site preparations in type IV bone were done by osteotome (Osung MND Co., Seoul, Korea) for all implants: ø3.0-mm osteotome for the Brånemark implant and ø3.5-mm osteotome for Straumann and Astra implants.

In the control group, the platform of the Brånemark implant, the junction of the Straumann Implant\'s smooth neck section, and the top portion of the Astra implant\'s polished collar were placed in level with the bone. Drillings were done 1, 2, 3, and 4 mm short and implants were placed 1, 2, 3, and 4 mm above the bone level. As a result, the test groups had different effective implant lengths ([Fig. 2](#F2){ref-type="fig"}). Ten implants of each type were placed at each effective implant length in the different bone types. Site preparation was performed at 1500 rpm and implant placement at 30 rpm with saline irrigation by INTRAsurg® 300 (KaVo dental GmbH, Biberach/Riβ, Germany).

Following implant placement, the resonance frequency was measured by Osstell™ *mentor* (Integration Diagnostics Ltd., Göteborg, Sweden) and Smartpeg™ (Integration Diagnostics Ltd., Göteborg, Sweden). Smartpeg™ was selected according to the Smartpeg™ reference list, manually tightened to the implant, and measurements were taken at points A and B ([Fig. 3](#F3){ref-type="fig"}). The higher ISQ value of the two points was used.

One-way variance analysis was used to compare ISQ values of the implants. When a significant difference was found, Tukey\'s B multiple comparison test was performed. A *P* value of \<0.05 was considered significant. A simple linear regression test was performed between ISQ value and effective implant length to reveal linear relationships.

RESULTS
=======

The ISQ values of the different effective implant lengths of the Brånemark implant are compared in [Table 1](#T1){ref-type="table"}. The ISQ values were significantly different between different effective lengths in all types of bone (*P*=.000), decreasing as the effective implant length increased.

The results of simple linear regression are presented in [Table 2](#T2){ref-type="table"}. Simple linear regression was performed to ascertain whether changes in ISQ value could be explained by increased effective implant length, which was represented by r-squared in this statistical model. If r-squared = 1, changes in ISQ could indeed be explained by increased effective implant length. \"Unstandardized coefficient B\" represents the change in ISQ value for each 1-mm increase in effective implant length. This coefficient decreased from type II (-3.450) to type IV (-7.380) bone.

The ISQ values of the different effective implant lengths of the Straumann implant are compared in [Table 3](#T3){ref-type="table"}. The ISQ values were significantly different between different effective lengths in all types of bone (*P*=.000), generally decreasing as the effective implant length increased. The results of simple linear regression are presented in [Table 4](#T4){ref-type="table"}. The B coefficient decreased from type II (-5.160) to type IV (-6.420) bone.

The ISQ values of the different effective implant lengths of the Astra implant are compared in [Table 5](#T5){ref-type="table"}. The ISQ values were significantly different between different effective implant lengths in all types of bone (*P*=.000), decreasing as the effective implant length increased. The results of simple linear regression are presented in [Table 6](#T6){ref-type="table"}. The B coefficient value decreased from type II (-3.210) to type IV (-5.870) bone.

The ISQ values of the control group are compared. In type II bone, the ISQ values were not significantly different among the 3 implant types (*P* \>.05). In type III bone, the ISQ value of the Brånemark implant was greater than that of the Straumann implant (*P* \<.05). In type IV bone, the ISQ value of the Straumann implant was less than that of the other 2 implants (*P*=.000). In the 1-mm effective implant length group, ISQ values were not significantly different among the 3 implants in type II bone (*P* \>.05). The ISQ values of the Straumann implant in bone types III and IV were significantly less than that of the other 2 implants (*P*=.000). In the 2-mm effective implant length group, the ISQ values of the Brånemark implant were significantly greater than that of the Straumann implant in bone types II and III (*P* \<.05). The ISQ value of the Straumann implant was significantly less than that of other 2 implants in type IV bone (*P*=.002).

DISCUSSION
==========

Implant stability is an important clinical parameter, especially when there are anatomical limitations such as the proximity of mandibular nerve. In that case, implant might be placed above the bone level and simultaneous bone graft could be done. In this study, implants were placed above the bone level to elucidate how the increased effective implant length affected the initial stability of implants with different designs. Although specifications differed among implants, this study focused on the relationship between effective implant length and initial stability.

Brånemark System® Mk III TiUnite™ is designed to place the platform in the same level with the bone. Although it has a self-tapping design, tapping procedure is recommended in type II bone. Straumann Standard Implant SLA® with a 2.8-mm smooth neck section has a non-self tapping design. Astra Tech Microthread™-OsseoSpeed™ has an approximately 3 mm-long Microthread™ in its upper portion that the manufacturer claims increase its functional load bearing capacity, resulting in optimal load distribution and preservation of marginal bone. Surgical procedures were performed according to manufacturer\'s instructions. In type IV bone, site preparations were done by the osteotome to maximize the initial stability.

There are several methods to evaluate implant stability. The percussion test[@B13] is a simple method applied by tapping the fixture mount or healing abutment with a blunt instrument, but it does not yield detailed information on the range of possible stabilities. A cutting-resistance measurement can assess bone quality at the time of implant placement[@B14]-[@B16] and inform the possibility of achieving good primary stability. Periotest® (Siemens AG, Bensheim, Germany) was introduced to measure implant mobility.[@B17]-[@B23] It yields relatively low values in a narrow range when measuring stable implants,[@B19] and results are influenced by the handpiece angulation, the vertical measuring point on the implant abutment, and the horizontal distance between the handpiece and the implant.[@B24]

The removal torque test immediately after the placement is used to evaluate the probability of achieving initial stability. Niimi et al. [@B25] used this method to evaluate the bone quality and the cortical bone thickness of different sites. They reported a significant correlation between cortical bone thickness and removal torque.

Resonance frequency analysis was first presented by Meredith et al.[@B9] This method allows clinical measurements of implant stability[@B11],[@B26],[@B27] and can be used as a prognostic determinant[@B28] to individualize implant treatment with regard to healing periods, the type of prosthetic construction and if one- or two-staged procedures should be used.[@B29] In addition, the change in implant stability during loading can be monitored. The resonance frequency value is influenced by the stiffness of bone, the implant components, and the bone-implant interface[@B9] as well as by the distance from the transducer to the first bone-implant contact.[@B11],[@B26],[@B27],[@B29] In this study, ISQ value was used as a parameter of implant initial stability.

The ISQ value of the Straumann implant was approximately 10 units lower than the other implants measured by the original device (Osstell™), a difference attributable to the supracrestal shoulder of the implant.[@B30] The Osstell™ *mentor* compensated for this phenomenon by keeping the total effective implant length equal, allowing for direct comparison of the ISQ values of different implants.

Sennerby and Meredith[@B29] reported that ISQ values were lower in implants placed above bone level even though they have the same stability. The authors found this difference to be approximately 2-3 ISQ units per 1 mm effective implant length (2 in softer bone and 3 in harder bone). Meredith et al.[@B27] reported a strong correlation between supracrestal implant height and RFA value.

R-squared values of all implants were high in all bone types in this study, suggesting that the changes in ISQ value could be explained by this linear regression model.

The ISQ values of the Brånemark implant decreased with increasing effective implant length. The B coefficient represents the change in ISQ value for each 1 mm increase in effective implant length. The B coefficient was 3.450 in type II bone, 5.660 in type III bone, and 7.380 in type IV. These findings are similar to those of Sennerby and Meredith[@B29] (a decrease of 3 ISQ units per 1 mm in hard bone), although this relationship does not extend to bone types III and IV. This means that in implants placed above the bone level, initial stability was further decreased in bone types III and IV (6-7 ISQ units per 1 mm) and these findings were contrary to the study of Sennerby and Meredith[@B29] This trend in bone types and ISQ values held in the other 2 implants.

In type II bone, the B coefficients of the Brånemark (3.450) and Astra (3.210) implants were smaller than that of Straumann implant (5.160). This may be due to the non-self tapping design of the Straumann implant. In bone types III and IV, the B coefficient of the Astra implant was smaller than that of the other 2 implants. This result supports the efficacy of the smaller pitch design in achieving initial stability in implants placed above bone level in born types III and IV. Unstandardized B coefficients of the implants are summarized in [Fig. 4](#F4){ref-type="fig"}.

ISQ values of the 3 implants were compared to elucidate whether implant design affected initial stability at a certain effective implant length. In the control group, type II bone ISQ values were not significantly different between implant types. In bone types III and IV, however the ISQ value of the Straumann implant was significantly less than that of other implants.

These results suggest that implant design did not affect the initial stability of implants where bone quality was good.

CONCLUSION
==========

The initial stability of implants placed above the bone level was affected by the implant design and bone quality itself. The initial stability was much affected by the implant design in bone types III, IV and the implant design such as the short pitch interval was beneficial to the initial stability of implants placed above the bone level.

![Photographs of (A) reproduced type II bone, (B) type III bone, and (C) type IV bone.](jap-3-190-g001){#F1}

![Photographs of (A) Bråemark, (B) Straumann, and (C) Astra implants placed in level with the bone or placed 1, 2, 3, and 4 mm above the bone level in type II bone. (D) - (F) In type III bone and (G) - (I) in type IV bone.](jap-3-190-g002){#F2}

![Schematic drawing of resonance frequency measurement.](jap-3-190-g003){#F3}

![Unstandardized coefficient B of each implant in different types of bone. This coefficient represents the change in ISQ value per 1 mm increase in effective implant length. T2 = type II bone, T3 = type III bone, and T4 = type IV bone.](jap-3-190-g004){#F4}

###### 

Comparison of Brånemark implant ISQ values
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Statistical significance was tested by one-way analysis of variance among groups. The same letters indicate a non-significant difference between groups based on Tukey\'s B multiple comparison test.

###### 

Simple linear regression test of Brånemark implant ISQ values
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1\) B = unstandardized coefficient.

2\) Independent variable is the effective implant length.

###### 

Comparison of Straumann implant ISQ values
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Statistical significance was tested by one-way analysis of variance among groups. The same letters indicate a non-significant difference between groups based on Tukey\'s B multiple comparison test.

###### 

Simple linear regression test of Straumann implant ISQ values
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1\) B = unstandardized coefficient.

2\) Independent variable is the effective implant length.

###### 

Comparison of Astra implant ISQ values
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Statistical significances was tested by one-way analysis of variance among groups. The same letters indicate a non-significant difference between groups based on Tukey\'s B multiple comparison test.

###### 

Simple linear regression test of Astra implant ISQ value
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1\) B = unstandardized coefficient.

2\) Independent variable is the effective implant length.
